Abstract: OBJECTIVE:To validate the estimates of the prevalence of multimorbidity based on administrative hospital discharge data, with medical records and chart reviews as benchmarks. DE-SIGN:Retrospective cohort study. SETTING:Medical division of a tertiary care teaching hospital. PAR-TICIPANTS:A total of 170 medical inpatients admitted from the emergency unit in January 2009. MAIN MEASURES:The prevalence of multimorbidity for three different definitions (2 diagnoses, 2 diagnoses from different ICD-10 chapters, and 2 medical conditions as defined by Charlson/Deyo) and three different data sources (administrative data, chart reviews, and medical records). RESULTS:The prevalence of multimorbidity in medical inpatients derived from administrative data, chart reviews and medical records was very high and concurred for the different definitions of multimorbidity (2 The agreement of rating of multimorbidity for administrative data and chart reviews and administrative data and medical records was 94.1% and 93.0% (kappa statistics 0.47) for 2 diagnoses; 86.0% and 86.5% (kappa statistics 0.52) for 2 diagnoses from different ICD-10 chapters; and 82.9% and 85.3% (kappa statistics 0.69) for 2 medical conditions as defined by Charlson/Deyo. CONCLUSION:Estimates of the prevalence of multimorbidity in medical inpatients based on administrative data, chart reviews and medical records were very high and congruent for the different definitions of multimorbidity. Agreement for rating multimorbidity based on the different data sources was moderate to good. Administrative hospital discharge data are a valid source for exploring the burden of multimorbidity in hospital settings. The prevalence of multimorbidity for three different definitions (≥2 diagnoses, ≥2 diagnoses from different ICD-10 chapters, and ≥2 medical conditions as defined by Charlson/Deyo) and three different data sources (administrative data, chart reviews, and medical records). RESULTS: The prevalence of multimorbidity in medical inpatients derived from administrative data, chart reviews and medical records was very high and concurred for the different definitions of multimorbidity (≥2 diagnoses: 96.5%, 95.3%, and 92.9% [p = 0.32], ≥2 diagnoses from different 90.0%, and 85.9% [p = 0.46], and ≥2 medical conditions as defined by Charlson/ Deyo: 48.2%, 50.0%, and 46.5% [p = 0.81]). The agreement of rating of multimorbidity for administrative data and chart reviews and administrative data and medical records was 94.1% and 93.0% (kappa statistics 0.47) for ≥2 diagnoses; 86.0% and 86.5% (kappa statistics 0.52) for ≥2 diagnoses from different ICD-10 chapters; and 82.9% and 85.3% (kappa statistics 0.69) for ≥2 medical conditions as defined by Charlson/Deyo. CONCLUSION: Estimates of the prevalence of multimorbidity in medical inpatients based on administrative data, chart reviews and medical records were very high and congruent for the different definitions of multimorbidity. Agreement for rating multimorbidity based on the different data sources was moderate to good. Administrative hospital discharge data are a valid source for exploring the burden of multimorbidity in hospital settings. 
Introduction
With continuous improvement in medical care and increasing longevity, a growing proportion of patients present to health care providers with multiple chronic co-existing diseases and conditions (multimorbidity). The term multimorbidity was coined 1996 by van den Akker et al. as the cooccurrence of two or more diseases or medical conditions within the same person, where one condition is not more important than the other [1, 2] . Since then, multimorbidity has become a mounting health phenomenon, particularly among the elderly. Estimates of the magnitude of this health problem demonstrate a broad variation regarding the prevalence of multimorbidity depending on the data source (questionnaires, medical records, patient charts, and administrative data) and the definition of multimorbidity (type and number of diseases included in the definition) [3] [4] [5] [6] [7] . The populationbased estimates of the prevalence of multimorbidity are between 20-30% for the entire population, and 55-98% for persons older than 65 years [8] . Most studies reporting these estimates, especially those in primary care, used selfreports [1, [9] [10] [11] and general practitioners' records [1, 4, 12, 13] as data sources. Although hospitalised patients are very often multimorbid, estimates of the prevalence of multimorbidity in hospital settings are scarce. Studies from the United States and the Netherlands report prevalence rates of two or more chronic conditions in 22-65% of all inpatients [4, 14, 15] . These estimates of multimorbidity among hospitalised patients were based on administrative data. However, administrative data have not been validated regarding their consistency and congruency in estimating multimorbidity in hospital settings. Therefore, the aim of the present study was to validate the estimates of multimorbidity based on administrative hospital discharge data for different definitions of multimorbidity, using medical records (physicians' notes) and comprehensive chart reviews as a benchmark. Our hypothesis was that the estimates of the prevalence of multimorbidity will be congruent with a high degree of agreement for all three data sources.
Methods

Setting
The University Hospital Zurich is a tertiary teaching hospital, serving the north-eastern part of Switzerland. The emergency unit is run by general internists and general surgeons. Patients with psychiatric problems and patients with suspected stroke are managed separately. About 40,000 patients are treated yearly in the emergency unit. Almost 50% of these patients are treated by general internists and more than 2000 patients have to be admitted to medical wards. Those admitted from the emergency unit comprise about 80% of all admissions to medical wards of the University Hospital Zurich.
Patient selection
We included all consecutive adult patients (age ≥18 years) admitted from the emergency unit to the medical wards of the University Hospital Zurich between January 1st and January 31st, 2009. We excluded patients managed primarily in the resuscitation room, and those with missing diagnostic information.
Data source
In a first step, we extracted the following variables from the medical record (physicians' notes) of each patient into a spreadsheet calculation programme (Microsoft-Excel ® , www.microsoft.com): Patient number, case number, date of admission, mode of referral (self, ambulance, physician), gender, age (years), length of hospital stay (days), transfer to another acute care unit, and all diagnoses as cited in the physicians' notes based on the International classification of diseases -10 th version (ICD-10) (medical record). In a second step, two medical residents reviewed the medical record, medical chart, imaging and laboratory tests of each participant and appended diagnoses not mentioned in the medical record (comprehensive chart review). In a third step, we extracted all diagnoses from administrative hospital discharge data generated by the professional hospital coding team within 30 days of patient discharge (administrative data).
Definition of multimorbidity
We defined multimorbidity as either present or absent using three different methodologies: 1) co-occurrence of two or more diagnoses (health conditions that imply a diagnostic or therapeutic procedure or need consideration regarding further medical management during the current hospitalisation) within one patient based on the ICD-10 disease classification system [2] ; 2) co-occurrence of two or more diagnosis from different organ-specific chapters of the ICD-10 classification system (chapter I to XIV and chapter XVII) within one patient [16] ; 3) co-occurrence of two or more chronic medical conditions within one patient as defined by the Charlson/Deyo comorbidity index based on the ICD-10 disease classification system [17] [18] [19] . 
Data management and statistical analysis
We managed data using Microsoft Excel
Results
Patient selection
In January 2009, 1520 non-surgical patients were managed in the emergency unit of the University Hospital Zurich. Of these, 1196 were treated as outpatients. Of the remaining 324 inpatients, we excluded 92 patients who were managed by doctors other than internists, 38 patients who were managed by the resuscitation team in the resuscitation room, 22 patients who had an incomplete documentation, and 2 patients who were younger than 18 years. Overall, 170 patients remained for the analysis ( fig. 1 ).
Patient characteristics
Among the 170 participants, 98 were men (57.6%) and 72 were women (42.4%) (table 1). The mean age was 61.7 years, with no age difference between men and women (p = 0.98). Patients between 60 and 79 years represented 42.9%
Figure 1
Identification and construction of the study cohort. In the study cohort, we included all adult patients (age ≥18 years) admitted from the emergency unit to the medical wards of the University Hospital Zurich between January 1st and January 31st, 2009. Patients managed primarily by an anaesthesiologist in the resuscitation room, and those with missing diagnostic information were excluded.
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Swiss Med Wkly. 2012;142:w13533 of the study cohort. About one third of the patients did not see a physician before visiting the emergency department (walk-in patients) (35.9%), more than one third of the patients were referred by a physician (38.2%), and less than one third were admitted by ambulance/police (25.9%). Prior to admission, 94.1% (95%CI 90.5-97.7%) were living at home. Common reasons for the emergency encounter were chest pain, dyspnea, fever/shivering and abdominal pain, accounting for more than half of all leading symptoms (table 1) . Chest pain and fever were the most common symptoms in men, whereas dyspnea and abdominal pain were the most common symptoms in women (table 1) . The median hospital length of stay was 7 days (range 1 to 201 days), with no difference between men and women (p = 0.15). One third of all patients (35.3%) stayed in the hospital for less than four days, and 10% of all patients stayed in the hospital for more than 25 days. Of all patients, 62.7% (95%CI 55.4-70.1%] were discharged to home, 23.7% (95%CI 17.2-30.1%) were transferred to other hospitals, and 8.3% (95%CI 4.1-12.5%) were discharged to other health care facilities (table 1) .
Comparison of data sources Medical records:
Overall from 170 medical records, we extracted 1026 diagnoses from 17 different ICD-10 chapters. The median number of diagnoses per patient was 5 (range 1 to 17). The frequency of the most common specific diagnoses is provided in table 2. Hypertension (I10) Figure 2 Frequency distribution of the number of diagnoses per patient based on three different data sources (rows) and three different definitions of multimorbidity (columns). The first column represents the frequency distribution of the number of diagnoses from the ICD-10 disease classification system within one patient (def 1). The second column represents the frequency distribution of the number of diagnoses from different organ-specific chapters of the ICD-10 classification system within one patient (def 2). The third column represents the frequency distribution of the number of diagnoses within one patient as defined by the Charlson/Deyo comorbidity index (def 3). Data sources for the first row are patient records (notes as cited by the treating physician), for the second row comprehensive chart reviews (two medical residents reviewed physician's notes, medical charts, imaging and laboratory tests and appended diagnosis not mentioned in patient's records), and for the third row administrative hospital discharge data (generated by a professional hospital coding team within 30 days of patient discharge from the hospital). The frequency distribution of the number of diagnoses within one patient is mainly determined by the definition of multimorbidity and not by the data source used.
was the most frequently coded diagnoses (45.3% of all patients), followed by chronic renal failure (N18) (22.4% of all patients), and anaemia (D64) (20.0% of all patients). Chart reviews: Based on chart reviews, another 127 diagnoses were added to those already extracted from the medical records, increasing the total number of diagnoses to 1153. The median number of diagnosis was 6 (range 1 to 17). In more than one third of all cases one to three diagnoses were added, and in one case seven diagnoses were added. The diagnoses most often supplemented were anaemia (D64) in 1 out of 5 patients, and unspecified renal failure (N19), obesity (E66) and drug allergy (Z88), each in 1 out of 10 patients (table 2) . Administrative data: The total number of diagnoses extracted from administrative data increased to 1221. The median number of diagnoses was 7 (range 1 to 20) per patient. The most obvious differences were fewer patients with the diagnosis of anaemia (D64) (3.0% of all patients), hypertension (I10) (33.5% of all patients), unspecified renal failure (N19) (no patient), drug allergy (Z88) (no patient), and more patients with the diagnosis of a history of medical treatment (Z92) (17.6% of all patients) and presence of cardiac or vascular grafts (Z95) (19.4% of all patients) (table 2).
Number of diagnoses per patient
The frequency distribution of the number of diagnoses per patient based on the three definitions of multimorbidity and the three data sources was mainly determined by the definition of multimorbidity and was very similar for the different data sources ( fig. 2) . As the specificity of the definition of multimorbidity increased (from ≥2 diagnosis, to ≥2 diagnosis from different organ specific ICD-10 chapters, and ≥2 chronic medical conditions as defined by CharlsonDeyo) the distribution narrowed progressively, which means that a more limited number of specific diseases included in the definition of multimorbidity resulted in a narrower distribution.
Prevalence of multimorbidity
The prevalence rates of multimorbidity extracted from administrative data, chart reviews and medical records for the three different definitions of multimorbidity: 1) co-occurrence of ≥2 diagnosis within one patient, 2) co-occurrence of ≥2 diagnosis from different organ specific ICD-10 chapters within one patient, 3) co-occurrence of ≥2 chronic medical conditions as defined by Charlson-Deyo within one patient, are presented in table 3. Independent of the data source, the prevalence rates of multimorbidity decreased from definition 1 to definition 3 (p <0.01). The prevalence rates of multimorbidity based on definition 3 were higher for those ≥65 years (61.0% vs. 39.0%, p = 0.002) and for those admitted from other hospitals/health care facilities (80.0% vs. 46.3%, p = 0.04), however, the rates were the same for definition 1 and 2. Furthermore, the location after discharge was not associated with the prevalence rates of multimorbidity.
Agreement for rating of multimorbidity
The prevalence rates of multimorbidity defined as ≥2 diagnosis within one patient based on the ICD-10 classific- 0-96.8%) , for administrative data, chart reviews, and medical records, respectively, with no significant differences for the various data sources explored (table 3) . Agreement for the rating of multimorbidity between administrative data and chart reviews, and administrative data and medical records was 94.1% and 93.0%. Kappa statistics for the three data sources were 0.47 (95%CI 0.37-0.58). The prevalence rates of multimorbidity defined as ≥2 diagnosis from different organ-specific chapters of the ICD-10 classification system (chapter I to XIV and chapter XVII) within one patient were 86.5% (95%CI 81.3-91.7%), 90.0% (95%CI 85.4-94.6%), and 85.9% (95%CI 80.6-91.2%), for administrative data, chart reviews, and medical records, respectively, with no significant differences among the various data sources (table 3) . Agreement for the rating of multimorbidity between administrative data and chart reviews, and administrative data and medical records was 86.0% and 86.5%. Kappa statistics for the different data sources were 0.52 (95%CI 0.39-0.59). The prevalence of multimorbidity defined as ≥2 chronic medical conditions within one patient as described by Charlson/Deyo based on the ICD-10 classification system was 48.2% (95%CI 40.6-55.8%), 50.0% (95%CI 42.4-57.6%), and 46.5% (95%CI 38.9-54.0%) for administrative data, chart reviews, and medical records, respectively. Again, no significant differences regarding prevalence of multimorbidity were found among the different data sources (table 3) . Agreement for rating of multimorbidity between administrative data and chart reviews, and administrative data and medical records was 82.9% and 85.3%. Kappa statistics for the different data sources were 0.69 (95%CI 0.66-0.71).
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Discussion
Our results show a high prevalence of multimorbidity among patients admitted from the emergency unit to the medical ward of a tertiary care hospital, with a wide variation mainly due to the underlying definition. The prevalence was close to 95%, 90%, and 50% for co-occurrence of two or more diagnoses, co-occurrence of two or more diagnoses from different ICD-10 organ chapters, and cooccurrence of two or more chronic medical conditions as defined by Charlson/Deyo, respectively (table 3) . On the contrary, estimates of multimorbidity based on the same definition but derived from the different data sources were congruent, which means that the medical records and the chart reviews were not more comprehensive than the administrative hospital discharge data to detect multimorbid patients (table 3 . The lower agreement for ≥2 diagnoses and ≥2 diagnoses from different ICD-10 chapters was mainly due to the high prevalence of multimorbidity for these two definitions (85-95%) causing high sensitivity for a few 
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Swiss Med Wkly. 2012;142:w13533 misclassifications with corresponding wide 95% confidence intervals (see above). The decreasing prevalence of multimorbidity based on the three different definitions was expected and explained by the decreasing number of diagnoses included in the underlying definition of multimorbidity. The largest number of diagnoses were based on the entire ICD-10 classification system, lower numbers if only diagnoses from different organ chapters were considered, and the lowest numbers of diagnoses were observed for the Charlson/Deyo index with only 17 different conditions [17] . We found dissimilarities between the administrative data and medical records or chart reviews regarding the frequency of specific diagnoses, with a lower prevalence of anaemia, disorders of lipid metabolism, sleep disorders, hypertension, unspecified renal failure and drug allergy, and a higher prevalence of history of medical treatment and presence of grafts in the administrative data (table 2) . The lower prevalence rates regarding specific diagnoses in the administrative data were mainly due to diagnoses, which were not considered by the professional coding team to imply a diagnostic or therapeutic procedure or to need consideration regarding further medical management during the current admission. The higher prevalence rates were mainly due to the presence of vascular implants not mentioned in the medical records or chart reviews, and also due to prior medical treatments considered by the coding team to be relevant to the current admission. However, these differences were usually found among patients with multiple other diagnoses and conditions, and had therefore little impact on the rating of multimorbidity (data not shown).
The frequencies of the diagnoses found in our data were comparable to those found in a Dutch hospital registry, which recorded 185 specific chronic conditions at admittance, with hypertension, ischemic heart disease, chronic renal failure, diabetes, and atrial fibrillation being the most Admin. data = administrative hospital discharge data (ICD-10 classification system). * Two medical residents extracted, from the physicians' notes, all diagnoses as cited by the treating physician based on the ICD-10 classification system (medical record). † Two medical residents reviewed the medical records, medical charts, imaging and laboratory tests of all participants and appended diagnoses not mentioned in the medical record (comprehensive chart review). ‡ We extracted all ICD-10 codes from the administrative data generated by a professional coding team within 30 days of patients' discharge (administrative data). Admin. data = administrative hospital discharge data (ICD-10 classification system). def = definition. * We extracted all ICD-10 codes from the administrative data generated by a professional coding team within 30 days of patient discharge (administrative data). ‡ Two medical residents extracted, from the physicians' notes, all diagnoses as cited by the treating physician based on the ICD-10 classification system (medical record). † Two medical residents reviewed the medical records, medical charts, imaging and laboratory tests of all participants and appended diagnoses not mentioned in the medical record (comprehensive chart review).
Swiss Med Wkly. 2012;142:w13533 prevalent chronic conditions [15] , and therefore might be representative for medical emergency unit settings. Although there is no validation of administrative data for rating multimorbidity, a validation of administrative data using chart reviews as a benchmark was performed by Quan et al. for chronic medical conditions that constitute the Charlson-Deyo Comorbidity index [20] . It showed a wide variation in agreement, ranging from fair to excellent (kappa statistics 0.34-0.87) for the 17 specific co-morbid conditions included. The data sources were not identical, with under-reporting in the administrative data. However, the agreement for a Charlson-Deyo score of more than one (presumable multimorbid patients) was over 90%, and was comparable to our result of close to an 85% agreement for co-occurrence of two or more chronic medical conditions as defined by Charlson-Deyo. Other authors have explored the validity of specific co-morbidities derived from administrative data, focusing only on patients who underwent a specific procedure such as prostatectomy [21] , carotid endarterectomy [22] , and percutaneous coronary interventions [23] . In general, kappa statistics for the specific co-morbidities were lower than those reported by Quan et al. [20] and those reported in our study. This might relate to the improvement of coding accuracy in recent years. Furthermore, some differences might be explained by variation in coding accuracy for the specific conditions explored, with higher accuracy for life-threatening conditions and lower accuracy for asymptomatic, non-specific conditions [24] . We compared our estimates of multimorbidity based on the second definition (co-occurrence of two or more diagnoses from different ICD-10 organ specific chapters) with prior estimates from our institution, based on chart reviews of 600 patients hospitalised in medical wards during the year 2000 [16] . In this patient population the prevalence of multimorbidity was 84% and to some extent lower than the prevalence of 90% found in our study. Reasons for the slight difference might be the increasing complexity of patients in recent years, and a selection bias due to exclusion of elective admissions in the current study, which might represent a population with a lower severity of illness. In the future, exploration of longitudinal administrative hospital discharge data (linked across time) might allow researchers to gain a deeper understanding of multimorbidity [25] and its time trends in hospital settings. This might also allow investigators to explore the impact of multimorbidity on multiple outcomes, such as death, time spent in intensive care, time spent in hospitals and resource use. The current study is subject to several limitations. Firstly, the sample size of our study population is relatively small, which reduces the precision of the estimates and the power to detect differences regarding prevalence of multimorbidity among the three distinct data sources explored. Secondly, the generalisability of our results to an in-patient population in primary and secondary care hospitals may be hampered by a selection bias of an extremely sick patient population, found in tertiary care, with a high prevalence of chronic medical conditions and multimorbidity. Thirdly, we used an open list of diseases for two of the definitions of multimorbidity and limited the number of diseases for the definition of multimorbidity based on Charlson-Deyo index. Therefore, we cannot generalise our observations to other definitions of multimorbidity, because the specific type of conditions and diagnoses included might have a major impact on the estimates, if there is under-or overreporting in administrative data [24] . Forth, administrative hospital discharge data are subject to inherent errors in the data itself with loss of clinical details in the coding process. Furthermore, there is significant variance between different institutions (i.e., between rural and urban facilities) in the accuracy and specificity of hospital discharge coding [26, 27] . Therefore, the extent to which our findings can be generalised to other institutions and regions remains unknown. In Switzerland, the coding is usually performed by specialised staff and supervised by independent auditors, and there is no financial incentive for up-coding (reimbursement was not yet based on hospital discharge data in 2009). Therefore, we assume a high quality of administrative data coding (our institution is a teaching hospital for staff specialised in coding), which might not be inherent to all locations.
Conclusion
Multimorbidity is a highly prevalent disease pattern in patients admitted from the emergency unit to a tertiary care hospital. Estimates of prevalence of multimorbidity based on administrative data, comprehensive chart reviews or medical records, were congruent for all three different definition of multimorbidity explored. Agreement for rating of multimorbidity based on the three data sources was moderate to good. High quality administrative data appear to be a valid source for exploring the burden of multimorbidity in hospital settings and the impact it has on multiple outcomes.
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Figure 1
Identification and construction of the study cohort.
In the study cohort, we included all adult patients (age ≥18 years) admitted from the emergency unit to the medical wards of the University Hospital Zurich between January 1st and January 31st, 2009. Patients managed primarily by an anaesthesiologist in the resuscitation room, and those with missing diagnostic information were excluded.
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Figure 2
Frequency distribution of the number of diagnoses per patient based on three different data sources (rows) and three different definitions of multimorbidity (columns). The first column represents the frequency distribution of the number of diagnoses from the ICD-10 disease classification system within one patient (def 1). The second column represents the frequency distribution of the number of diagnoses from different organ-specific chapters of the ICD-10 classification system within one patient (def 2). The third column represents the frequency distribution of the number of diagnoses within one patient as defined by the Charlson/Deyo comorbidity index (def 3). Data sources for the first row are patient records (notes as cited by the treating physician), for the second row comprehensive chart reviews (two medical residents reviewed physician's notes, medical charts, imaging and laboratory tests and appended diagnosis not mentioned in patient's records), and for the third row administrative hospital discharge data (generated by a professional hospital coding team within 30 days of patient discharge from the hospital). The frequency distribution of the number of diagnoses within one patient is mainly determined by the definition of multimorbidity and not by the data source used.
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